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PERFORMANCE PARAlffiTEES FOR JET-PROPULSION ENGINES 
By Newell D. Sanders 


SUMMARY 

Performance parameters for jet-propulsion engines have teen 
developed from the concepts of flow similarity, inertia forces, elas- 
tic forces, viscous forces, and thermal expansions of the working 
fluid. The analysis relates performance to the gecanetry of the 
boundaries, Mach number, Reynolds nijmber, and total-temperature ratio. 
The results of performance tests with t'orbojet engines are expressed 
in terms of two types of generalizing parameter: dimensionless pai’am- 

eters and "corrected" parameters that are not dimensionless. 


INTRODUCTION 

It is common practice to express the performance of jet- 
propulsion engines in terms of generalized parameters derived by 
dimensional analysis. The grouping of variables into these parameters 
is useful in that the number of variables involved in experiment or 
analysis is effectively reduced. Generalization of the data by the 
use of these parameters permits results of specific tests with a 

specific engine to be used for estimating performance at other 

conditions . 

A derivation a£ performance parameters has been given by Warner 
and Auyer in reference 1. These parameters were in wide use at an 
earlier date and, as mentioned in reference 1, were originally used 
by the British. Silverstein of the NA0A found frcan experiments with 
turbojet engines that the parameters could be used to correlate per- 
formance characteristics of the engine except for the characteristics 
that involve fuel flaw; namely, fuel flow, fuel-air ratio, and spe- 
cific fuel consumption. 

Seme of the factors that may influence jet-engine performance 
but are not considered in the derivation of the listed parameters 
are viscous friction, variations of the mass flow of gas resulting 
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from, addition, of fuel, ccmoustion efficiency, and variations of ccm.- 
preseitility. (Cocipi'essibillty is herein defined as "where p 

is density and p is pressure.) Before the approximations involved 
in the omission of these factors can "be evaluated, a more ccanplete 
analysis based upon the important internal fluid forces is necessary. 


This report presents an analysis of the performance of Jet- 
propulsion engines baaed upon the physical concepts of forces and 
expansions: inertia, elastic, viscous forces, and thermal’ exp^sion. 

The considerations of flow similarity are first applied, dimensionlees 
parameters consiating of ratios of the forces and expansions are 
derived, and the more commonly used parameters are derived f rcsn the 
dimensionless parameters. 


SYMBOLS 


Except where special units are given, any set of consistent units 
may be used. 

A cross-sectional area of flow passage 

a speed cf sound 

Op specific heat at constant pressure 

thrust coefficient 

D diameter 

thrust 

^1# Indicate functional relations 


f^. . . 

8 

h 

k 

L 

M 

N 


ratio of mass units to gravitational units 

heating value cf fuel 

constant of proportionality 

linear dimension 

Mach number 

engine speed 
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P power 

p pressure, total or static 

Q heat units added per unit mass of fluid 

R gas constant 

T temperature, total or static 

V lineair velocity 

V specific volume 

W mass rate of air flo^r 

a 

Wf mass rate of fuel flow 

y ratio of specific heats of fluid 

5 ratio of pressure to standard NACA sea-level pressure 

c embus t ion efficiency r 

6 ratio of temperature to standard NACA sea-level temperature 

|j. coefficient of viscosity of gas 

p density 

T temperature ratio 

Numerical subscripts indicate stations in the flow system except 
where the subscript is on the symbol f . 

Subscript X applies to the cross section used for ccmputlng 
the thrust coefficient. 

Subscript std Indicates values corresponding to the NACA 
standard sea-level atmosjdiere. 

SIMILARITY IN PUJH) FLOW 
Conditions of Similarity 

The f rictionless, adiabatic flows of incomprossible fluids in 
two systems are said to be similar if corresponding streamlines in 
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the two systems are geaaetrioally similar. If the streamlines are 
similar, the physical houndaries of the flow are geometrically simi- 
lar for the two systems. As a result of the similarity of flow, the 
ratio of velocities and pressure gradients at any two points in one 
system equals the ratio of the respective quantities at corresponding 
points in the other system. 

In the more general case T'fliere friction loss and heat exchange 
accompany the flow of compressihle fluids, the requirement that 
corresponding streamlines he similar is not a sufficient restriction 
to insure that the velocities, pressure gradients, and other ccndi- 
tlone of the fluid he proportional in two systems. As an example, 
in the case where heat is added to a fluid flowing in parallel 
streamlines, a momentim pressure drop will accompany the heat addition 
althou^ no pressure drop would aoccmpany the adiahatic flow of the 
fluid in parallel streamlines. It therefore appears that the concept 
of similarity of flow requires further refinement. 

In reference 2, the condition of kinematic similarity is given 
as a refinement to the condition cf gecmetrical similarity. Kinematic 
similarity is obtained when the flow patterns are geometrically simi- 
lar and the ratio of the velocities at corresponding points in two 
systems are equal. Dynamic similarity is also given in reference 2 
as a further refinement of the concept of similarity of fluid flow. 
Dynamic similarity is obtained when the following conditions are met 
for two systems being ccmpared; the flow in the systems mvist be 
geometrically similar; the ratio of velocities at two points in one 
system must equal the ratio of velocities at corresponding points 
in the other system; the ratio of homologous laasses are equal; and 
the ratio of hcmologous forces are equal. If three of these conditions 
are satisfied, the fourth condition will be automatically satisfied 
for reasons given in reference 2. 

In the case of fluid flow with the addition or extraction of heat, 
the conditions for dynamic similarity fix the ratios of forces and 
performance characteristics within two systems. The requirements for 
dynamic similarity are, however, inadequate for fixing the thermal 
effects because these requirements can be fulfilled even thou^ the 
distributions and magnitudes of the heat additions to the two systems 
are quite different. An example a£ this difference is the case of 
two geometrically similar systems in which incompressible fluids are 
flowing and heat is added to one of the systems but not to the other. 
The heat addition maj’- change the temperatures but not the geometry, 
the velocities, the masses, or the forces. 

^For the purposes of this analysis, the flow of fluids in two 
systems will be considered to be dynamically and thermally similar 
when the corresponding streamlines in the two syst^as are geometrically 
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similar; the ratio of the velocities at any two points in one system 
equals the ratio of velocities at corresponding points in the other; 
and the ratios cf homologous masses (densities), forces, and temper- 
atures are equalT) 

It is not convenient to deal with the velocities, the densities, 
the pressures, or the temperatures at all points in the fluid; it is 
possible, however, to relate the flow pattern to the conditions around 
the boundary and thereby to simplify the analysis. Proof of this 
statement is not given here, but the truth of the statement is fairly 
evident as a consequence of the principle that if identical causes 
act in two cases, the results will be identical. 


Internal Fluid Forces and Flow 


Dimensional analysis shows that the conditions for similarity 
listed in the preceding section of this report are satisfied in two 
geometrically similar systems when the ratios of inertia, viscous, and 
elastic forces at a selected pair of corresponding points have equal 
values; the total temperattires of the fluids at corresponding points 
are proportional; and the ccmpressibilities of the fluids at corre- 
sponding points are equal. Tixe succeeding paragraphs discuss sem© of 
the ratios relating the internal fluid forces, the temperatures, or 
the compressibilities. 

One of the most widely used ratios of forces that has been used 
in similarity studies is Reynolds nimiber which is dimension- 

less and is proportional to the ratio cf inertia to viscous forces 
within the fluid. From dimensional analysis it has been deduced that, 
for gecmetrlcally similar systems in which there is incompressible 
isothermal fluid flow, the flow patterns will bo similar if the 
Reynolds numbers for all systems are eqUal. 


A second dimensionless quantity, the compressibility cf the 
fluid, is defined by the following equation; 


Compressibility =-^ 



If the fluid is a gas and compression is isontropic 




Therefore 


Cemprossibility = — 
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The ratio of specific heats y is therefore a measxire of the com- 
pressihility of any fluid that acts in accord with the perfect gas 
law. Dimensional analysis shows that flow similarity can exist in 
two fluid-flow systems only idien the values of 7 at corresponding 
points are equal. 

The specific-heat ratio 7 is not a convenient parameter for 
expressing the performance of jet -propulsion engines because none 
of the principal variables (speed, pressure, density, temperature, 
or heat input) enter into the value 7 except for a second-order 
effect of temperature. Consequently, other parameters have been 
developed that are closely related to the principal variables and, 
at the same time, are dependent upon the compressibility. 

One such dimensionless parameter is I-lach number V/a, which is 
proportional to the square root of the ratio of inertia forces to 
elastic forces. Dimensional analysis shows that for ccmpressible, 
nonviscoua fluids, the flow patterns in two geometrically similar 
systems will be similar if the Mach numbers for both systems are 
equal. 

A fourth dimensionless number, which is referred to herein as 
the "total -temperature ratio, " is important in the case whore heat 
exchange accompanies the flow of campressible fluids. The total- 
temperature ratio T is the ratio of the total temperature at a 
point downstream from where the heat is added to the fluid to the 
total temperature at some point upstream from where heat is added. 
This parameter is very simple to use in cases idiere heat is added 
to the gas at a point or where the velocities of the fluid are low. 

In the more general case where the addition of heat is distributed 
over a region tdiere the velocities vary appi-eciably, not only is the 
over-all total -temperature ratio important but the distribution of 
the heat addition to the flow pattern is important. The total- 
temperature ratio may be thought of as a measure of the expansion 
of a gas that results from the addition of heat. In the case of 
compressible, nonviscous fluids flOTring at such low velocities that 
inertia forces are negligible, the flow patterns in two geometrically 
similar systems will be similar if the total -temperature ratio for 
a selected pair of points in both syetsns are equal and the distri- 
bution of the heat addition in the two systems is similar. 

In the more general case of the flow of campressible, viscous 
fluids accompanied by heat transfer, the flow pattern in two systems 
will be similar if the following five conditions are met: 

1 . The boundaries are geometrically similar. 

2 . The fluids are perfect gases. 
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3 . Ehe Maoh nunibers at a selected pair of corresponding points 
are equal. 

4. I!he Reynolds nunibera at a selected pair of corresponding 
points are equal. 

5. !Hie total -temperature ratios at a selected pair of corre- 
sponding points are equal and tlxe distributions of heat addition for 
the two systems are similar. 


As a result cf the preceding statements the following equation relat- 
ing velocities at various points in a fluid flow system to Mach num- 
ber, Reynolds number, and total temperature can be written 


h 

^0 


= fl [Mo, T} 


= f 


1 




^"0 ' 



( 1 ) 


Similarly, Pq/pQ, ^l/'^0.> Pl/pQ related to the same 

three parameters that appear on the ri^t-hand side of equation (l). 


Dn4ENSI0Hi;ESS PARAMEHSRS 
Ram Jets 

A ram Jet is one of the simplest devices in which inertia, elas- 
tic, viscous, and thermal effects must be considered. Consider the 
flow pattern around and throu^ a ram Jet as shown in the following 
sketch. 
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V/hen there Is no fuel flowing^ the f low pattern is a function 
only of I4ach numher and Eeynolds number. As a specific example 


"''"l _ '^0 ^ ^0 Po 

2 ao^ HO 


If heating of air is accomplished by burning of fuel but the mass cf 
the fuel is small compared with the mass of air flowing throu^i the 
ram Jet, equation (l) applies. Equation (1) will be used as the 
basis for deriving parameters that involve important performance 
variables, such as air flow, fuel flot^r, and thnist. In order to 
simplify the eq^uations, the symbol Z will be used as a shorthand 
notation for 

'^0 ^ ~^0 Pq ^2 
_f-0^ Po ^ ®0_ 


such that 


f 1 CZ] 


Air flow . - Air flow is related to the Hach number at seme sta- 
tion within the engine, such as the inlet, as follows; 





^1 

^a 

1 — 1 
l^a 
1 — 1 

10 

liH 


(2) 




ai “ 

Pi -^1 ^'l 


Usually 

PO 

and aQ 

are 

known and 

p-|_ and aq 

are 

dependent vari' 

ables . 

The 

relations 

of 

Pq 'to Pq 

and aq to 

Oq 

are 


Pi 


= f4 CZ] 


f cz ] 


Those equations can bo used to eliminate P]_ and a]_ from equa- 
tion (2) and tlie following resijlt is obtained: 


W 


a 


Pq A]_ aQ 


^6 Cz3 


Temperature is involved in pq and sq but, by rearrangement, the 
following more useful modification of the air-flow parameter can be 
obtained : 
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[Z] (3)- 

r Po 


The air-flovr parameter is, therefore. 


7 l2 Pq 


Fuel flow. - Fuel is the means by which heat is introduced into 
the engine. The fuel flow is therefore related to T 2 /TQ because 
this ratio is a measure of the heating effect of the fuel. The fuel- 
flow parameter is derired from Tg/To follows: 


T 


2 


T 


0 


1 + 


-^=1 



°p ^0 


(4) 


Air flow is a dependent variable whose value can be obtained from 
eq[uation (3). If eq_uation (3) is used to eliminate fi-om equa- 

tion ( 4 ) e.n(^ the resulting espression for Tg/Tg is substituted into 
eq^uation (l) the following result is obtained: 


yi ^ ^ ^0 PQ y - 1 

To = ^8 ao^ PO ' r 




(5) 


The dimensionless parameter involving fuel flow is, therefore. 




h 

Po ^0. 


ITet thrust . - Eet thrust, if the mass of the fuel is neglected, 
is given by the equation 


As h 

I-n = Wa (ITs - To) =■ Tq(^ - ij 


but 


^ = ^9 1:^3 


^a ^0 
7 l2 Pq 


= fy [Z] 


and Tq/so is part of Z. Therefore 
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F. 


n. 


7 l2 p. 



= f 


A dimensionless parameter 


10 
^n 


( 6 ) 


slonless parameter 


F 


n 


7 L‘ 


lias been developed. The dlmen- 


is s<3aetines substituted in vhich 


y ^^0 

is the mazlmum cross-sectional area of the engine. 

Another parameter fi^quently used is the thrust coefficient 
vhich is defined by the equation 




n 


2F. 


n 


|po 7 Po -Ax 

Pover. - The propulsive pover P is given by the equation 


P = k F^ Vo 

Substitute the value of Fn from equation (6); 

^11 eg 

7 L Po Vq 

Multiply both sides of the equation by Tq/b.q and rearrange the equa- 
tion to get 


= f 


7 L po ao 


12 


eg 


( 7 ) 


Thrust specific fuel consumption . - The thrust specific fuel 
consumption equals the quotient of fuel flow and thrust. Frcrn equa- 

7-1 / Vf 


tion (5), the parameter involving fuel flow is 
Divide this parameter by equation (6) to get 


7 V t2 


L Po 


(7 - 1) h 

« V r» / *“ 






■13 


[Z3 


where Wf/Fn is the thrust specific fuel consumption. 


10 



WACA TN Ho. 1106 


Payer specific fuel conaumptloa . - The power specific fuel con- 
sunp'faion is the quotient of fuel flow and power. Divide the param.- 

7-1 / ^ ^f ^ 

7 


eter 


, Tj hy equation (7) to obtain 
PO V 


(7 - 1 ) h 11 




•14 


CZ} 


where ¥f/P is the power specific fuel consumption. 


Turbojets 


Turbojets and ram Jets differ essentially in that the turbojet 
has moving parts that absorb or deliver energy to the working fluid; 
whereas the ram Jet has no moving parts. Notwithstanding this dif- 
ference, the analysis Just given for ram Jets applies also to the 
turbojet engine because the motion of the rotating parts is ccmplotely 
determined by the gecmetry of the engine, the inertia forces, the 
elastic forces, and the viscous forces; these forces are, in turn, a 
function of Reynolds number and Mach number at some point in the fluid 
and of total -temperat'ure ratio across "bhe engine. In other words, the 
parameters that control the forces acting on a rigid body in a moving 
fluid are the same parameters that control the type and magnitude of 
motion of the moving parts of a turbojet. The analysis Just developed 
for ram Jets applies equally well to turbojets. 


In the case of a turbojet, an additional dependent variable is 
introduced, engine speed. A dimensionless parameter involving engine 

speed is — . Derivation of this parameter will not be given but it 

aQ 

is closely related to the Mach number of the ccmpressor blades. This 
parameter can be equated to a function of Mach number, Reynolds num- 
ber, and total -temperature ratio or fuel-flow parameter as follows: 


NL _ ^ 
ao - ""is 


= f 


16 


Vo L Vq Po 

5^2“ 



^^0 ' 



1^0 L Vq Po 

Z_: 


ao' 


? 

Po aoy 



( 8 ) 


Because engine speed is a readily measured quantity and the 
determination of ccmbustlon efficiency is uncertain, it is frequently 
desirable to describe performance as a function of speed instead of 
fuel flow as is done in equation (5). Rearrange equation ( 8 ) in the • 
form 
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r - 1 / ^ \ r^o ^ ~^o Pq nl[ 

7 V^2 PQ aoy ’Ic = ^17 [ao^ " ^qJ 


Substitute this value of 


^ \f Po V 


into equation (5) 


h - f Zk ^ ~^0 PQ NL 
Tq - 18 ao-’ no " ®0, 


( 9 ) 


The oombination of parameters appearing on the ri^t-hand side of 
equation (9) will be used extensively in succeeding paragraphs. 


It can be readily shown that the parameters containing thrust^ 


power, thrust econcmy, and power economy 
to the parameters in equation (9) by the 

are related, 
eq^uations : 

ref.pectively. 


^’n 



>0 

I* Vq Pq 

Mi 

1 ( 10 ) 


7 

Po 

- ^19 

_ao" 

t'o ' 

ao_ 


P 


= ^20 

I 2 . 

L Tq Pq 

NL ' 

( 11 ) 


7 Po 

Sq 

&q’ 

^i 0 ^ 

®-o_ 

(7 

- 1 ) nc 




L Tq Pq 

“1 

Mi 

( 12 ) 


aO 

Fn 

= ^21 


Po ' 

®' 0 _i 

(7 

- 1) h 

Wf 

P 

1 

= ^22 1 

>0 

L Tq Pq 

Po ' 

itt. 

ao 

(13) 


Test Eesults -with Turbojets 

Tests have been run at the Cleveland laboratory of the WACA to 
check the applicability of equations (10) to (13) . A turbojet engine 
"Was tested at pressures and temperatures simulating altitudes between 
10.000 and 30,000 feet and at a constant simulated flight Mach number. 

^n 

The data are plotted in f Iginre 1 with the thnist parameter y ^‘pq 

for the ordinate and the speed parameter for the abscissa. The 

®'0 

data fall close to a single cinrve except for sli^t deviations at hl^ 
values of the speed parameter. It is concluded that, for the range of 
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values covered in this investigation, the effect of variations in 
Eeynolds numbers upon performance is negligible because Eeynolds num- 
ber varies with changes of altitude and there was no noticeable effect 
of altitude upon the relation of thrust parameter to speed parameter. 

Figure 2 shows the effect of speed parameter on the thrust param- 
eter for three values of Mach number. This figure is a ccaaplete repre- 
sentation of e/juation (10) for the range of values of the parameters 
covered in the experiments. The perfoimance of othor similar engines 
of different sizes and at any operating condition that is represented 
within the range of parameters given can be estimated frcm the figure. 

In figure 3, tdiich is similar to figure 2, the relations of the 
air-flow parameter and cctapressor pressure ratio to the engine-speed 
parameter and fli^t Mach nmber are shown. Other characteristics, 
such as power and specific air consumption, can be treated in a simi- 
lar manner. 


Performance characteristics that involve fuel flow, such as spe- 
cific fuel consumption, fuel-air ratio, and fuel consumption are of 
special interest because combustion efficiency appears in all 

parameters in which fuel flow appears. As a specific example, fig- 

(7 - 1) h 

ure 4 shows the relation of the fuel-flow parameter t) = i- 

° ®0 ^n 

to the speed param- 


(y - 1) h 


and a modified fuel-flow parameter 
NL 

©ter — . The modified fuel-flow parameter does not contain combustion 


^n 


efficiency. Eesulte of tests at three altitudes plotted in terms of 
these parameters show that sepeirate curves fox’ each altitude were 
determined by the data when the modified parameter was used but only 
one curve represented the data when the parameter involving ti was 
used. ° 


APPEOXIMATIONB AM) SPECIAL COKBIDEEATIOWS 

Fuel mass . - It has been assumed here that the sole effect of 
fuel addition to the flowing air is a heating effect. Another effect 
of the fuel is to increase the mass of the gas. When this additional 
effect is significant, eq^uation (1) must bo modified as follows: 

Tg Wf." 

Bo, 5^, 

Usually Wp/Wg^ is small enou^ to neglect the mass effect. 
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Anotiier effect cf fuel is to change iho ccmpositlon cf the gas 
and thereby change the yalue of 7. The effect of variations of 7 
•will be discussed in the following paragraph. 

Specific-heat variations . - Two similar engines can be ccoipared 
only when the values of 7 are the same at corresponding points in 
both engines because, it will be recalled, equal values of 7 are 
required for similarity of flow. Althou^ 7 actually changes appro - 
ciably as a result of the addition, of fuel, it has been found that, 
as far as the results of tests with tmrbojets are concerned, the var- 
iation can bo neglected. 

If two similar engines are tested at different air temperatures, 
the values of 7 will differ in the two engines, particularly in the 
high -temperature portions of the gases. Again, it has been found that 
variations of 7 with temperature are not significant. 

Combustion efficiency . - Some of the factors involved in the 
relation of combustion efficiency to the condition of the gas are the 
kinetics of chemical reactions and the mechanism of fuel vaporization. 
Each of these factors is related to temperature and pressure, but this 
relation cannot be expressed in teimis of Mach number, Reynolds number, 
and total -temperature ratio. As a consequence, combustion efficiency 
is not related to these parameters. It is concluded, therefore, that 
the combustion efficiency nnast be experimentally determined at each 
condition where it is desired to estimate performance, or some inde- 
pendent method of estimating ccmbustion efficiency must be developed. 

Point of heat addition . - The performance of the Jot engine can 
be modified by burning fuel at places other than in the usual ccmbus- 
f tion chamber. In such cases, two similar engines can be compared only 
when the distribution of heat addition to the engines is similar for 
the two cases. 

Propeller turbine . - The analysis given in this report applies 
also to the propeller turbine. The speed of such engines is often 
controlled by varying the propeller pitch. This change of pitch is 
a change of the geometry of the engine ccmbinatlon and a new parameter, 
propeller blade angle, should be added to equation (1). 


DIMEINSIONAL (SRERALIZING EACTORS 

The incorporation cf several variables into a single parameter 
constitutes a generalization of the relation among variables. The 
generalized parameter is often dimensionless, but not necessarily so, 

and it is frequently desirable to use the parameters that are not 

dimensionless. One reason for this preference is that dimensionless 
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parameters are not usuallj easily identified -with particular variaties 
Another reason is that, even in the case where the parameter is easily 
identified with one Tariahle, the nuraerical values of the parameter 
differ greatly from the actijally observed numbers representing the 
magnitude of the variable. 

One method of obviating the difficulties connected with dimen- 
sionless parameters is the use of so-called coDrrection or reduction 
factors, as will be illustrated by example. 


First, consider parameters identified with engine speed. The 
dimensionless parameter — (equation (8)) has already been used. 

®-0 — 
Another parameter frequently used is It will bo proved that 

these two parameters are dii’ectly proportional to each other. 


Mli 

The parameter — 

ao 


can be rewritten as 



Multiply 


and divide the parameter by tJie square I’oot of the standard sea-lovcl 
temperature Tg^^ ■ 


NL 

ao 


flK. 

V'^std 


L 

yy R Tgtd 




In perfoimance tests of a given- engine, L is, of course, a constant 
and ag^^ is a constant by definition. The proportionality between 


^ and N/y So therefore proved. The parameter "n/^Gq 
referred to as "corroctod" engine speed. 


is 


Other similar parameters are derived in table I along with the 
commonly accepted names for the parameters. The corroctod paramotors 
have the same significance as have the corresponding dimensionless 
parameters, althou^ the corrected parameters are not dimensionless. 
For example, the corrected speed N/y 0 q was derived from the Ilach 
number of the compressor blade tips and, therefore, the corrected 
speed is a measure of the ratio gf inertia and elastic forces in the 
fluid. An. example of the use cf corrected parameters is shown in 
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figure 5. The corrected thrust and corroctod thrust specific fuel 
consumption of a turbojet ongine vas plotted against corrected engine 
speed. The data are the same as are plotted in figures 1 and 3, 


Aircr«aft Engine Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, May 7, 1946. 
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TABLE I - lEEr/M'ION OF CORRECTED PARAMETERS 


Dimensionless 

parameter 

Constant of 
proportionality 

Corrected 

parameter 

Designation 

T 

a •! 

®'std 

V 

Corrected 

airspeed 

NL 

a 

®'std 

L 

N 

Je 

Corrected 

engine 

speed 

V 

rL^p 

j2 ^std 


Corrected 
air flow 

/JJ — — — — 

^std 

5 

jHgUIII 

7 L^ 

y_l h ^std ®-std 

1 

Corrected 
fuel flow 

(r-1) ^ 

®'std^ 

Wf/Wa 

Corrected 
fuel -air 
ratio 

^ a2 ^a. 


e 

5’n 

7L2p ° r^ocP 

Pstd ^^^>std 

^n 

5 

Corrected 

net 

thrust 

P 

yL^pa 

t2 

Petd ®-std 

P 

6^/e 

Corrected 
net thrust 
power 


®'std 

^Tu/e 

C orrected 
net thrust 
specific 
fuel 

consumption 

a Fn 

mm 

(7-l)hTi^ Y- 

1 

!¥f 

Not power 
specific 
fuel 

consumption 


p 

T 

To 

Tstd 

T 

Corrected 

temperature 

JL 

Po 

^std 

£ 

6 

Corrected 

pressure 


National Advisory Comittoo 
for Aeronautics 
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Fig . 



Figure 1,- Generalization of static thrust 
characteristics of a turbojet engine. 



Fig . 2 
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Figure 2,- Effect of flight Mach number on generalised 
thrust characteristics of a turbojet engine. 
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Fig. 






Fig. 4 
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Fig. 5 



thrust speplflo fuel consumption with oorreoted engine 
speed of a turbojet engine. Static test conditions. 



